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Variations in the abundance and spatial distribution of Palaemon serratus(Decapoda:
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ABSTRACT

The abundance and spatial distribution of the prRataemon serratusvere studied in the
littoral zone of South Wales in June and July, 2013. The study aimed to collect baseline Hata for
serratusand establish a sampling methodology floe speciewithin its inshore summer habitat.
This research is the initial stagequired for establishing a loigrm monitoring programme to guide
the future management of the currently unregulated comme®ciakrratusfishery. The chosen
sampling method involved timed searches conducted vertically along the shore using dipheets.
results indicated th&. serratuswere sparsely distributed in the littoral zone of South Wales and that
the species displayed highly site selective behaviour, since 68% of the total dip net catch was obtained
at one site. Furthermore, there wagatistical difference in the total length of prawns betwsitss,
indicating that site specific parameters influenced the population dynamics (KWiakis,
¢ = 10.39,p = 0.015). However, the analysis was inconclusive as to whethemommental
parameters driv®. serratusabundance; additional data collection is required to derive conclusions.
Reference to previous research indicates that approximately 97% Bf gerratuscaught in this
study were @group individuals. Thus, the fiiings suggest that the surveyed sites where nursery
grounds for the species. By extending the spatial scope of the research through the addition of study
sites, additional nursery grounds could be identified. It is also recommended that future saenpling b
undertaking monthly using the established standardised method in order to assess the seasonal
abundance of. serratusn the littoral zone. This preliminary study has provided the foundation for
implementing a longerm monitoring programme fd?. sermatuswhich muld enable the sustainable

operation of the fishery through the development of effective management strategies.
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1.INTRODUCTION

ThecommonprawnPalaemon serratuéPennant 1777)is acommercially targeted species on
the south and west coasts of Ireland, in southern England and in Wales (Fahy and Gleedeah¥996;
et al. 2008. In contrast to many other commercially fished species,Ptheerratusfishery is
unregulated throughout thgritish Isles, with the exception of a three month closed season in Ireland
from May until August(Kelly et al. 2008. As a result of the lack of management for the species,
there is a high potential for the fishery to become unsustainableodogetexoitation. The
vulnerability of P. serratus o excess fishing pressure is furthe
span of only two to three years (Forster 1951; Fahy and Gleeson 1996). Thus, the depletion of a
single year group, through fishing oatural causes, could substantially reduce the overall population
size of the species and consequently leatkeativerepercussions for the fishenfurthermore, the
short life span of the species suggests that there is a potential for growth awgrfeshiccur if
management measures are ingplementedo prevent this type of overfishing. Growth overfishing
ari ses wh eaughtfirf a iadfficieatly Bbbw age andveight group Quaaset al. 2013).
Fishermen typically grade ¢ir catch by riddig to remove small prawnwhich could reduce the
occurrence of growth overfishing. However, it is not guaranteed that the commercially undersized
prawns are able to survive once returned to the wierefore the act of grading the catch does not
ensue the problem of growth overfishing is avoided.

Proposed management options for Eheserratusfishery include imfementing a minimum
mesh size foprawn pots and enforcing a closed season (Fahy and Gleeson 1996; Huxleyl2011).
order to desigreffective management strategiemta onthe population dynamics of the stock are
required (Sainsbury et al. 2000; Rademeyer et al. 2007). While the population dynarRics of
serratushave been studied in the British Iskessome extenffor example Foiter 1951; Fahy and
Gleeson 1996), insufficient research exists in order to produce robust models for assessing the
potential success of proposed managertesfiniqgues Within the UK, it is of particular importance
to obtain baseline data fér. serratusstocks in Wales because the Welsh fishery dominatet/khe
landings (Huxley 2011). Of the total landingsRfserratusinto the UK in 2009, the tonnage and
value landed by the Welsh fishery was 90 and 94% respectively (Huxley 2011).

Although theP. seratusfishery is unregulated, the fishery predominately takes place in the
autumn and winter, while during tlseimmer the fishery igoluntarily suspended (Kelly et al. 2008;
Huxley 2011). The temporary cessation of the fishery is a result of the insignation of the
species which occurs at the beginning of the summer (Forster 82&ty and Cleave 20)1.2
Consequently, the offshore potting fd*. serratusin the summer months is commercially
disadvantageous to fishermen; thus, pot fishermen tatiget species during the summer and return

to catchingP. serratusn the winter when the speciegurrsto its offshore habitat (Huxley 2011).



The aim of this stug was to develop and implement a sampling method for assessing the
abundanceandspatialdistribution of P. serratusin the littoral zoneduring summein SouthWales.
A baseline dataset waeneratdto determinegf environmentalariables influenogthe abundance of
P. serratus Sampling method were establishedith the goal of creating repeatable inshore
monitoring programme foP. serratusto assist with formindisheries management strategies for the

species.

1.1 UK FISHERY

The UK Sea Fisheries Statistics 2011 report stated that UK vessels landed 600,000 tonnes of
sea fish in 2011 into the UK and abroad, which equated to £828 million (MMO 2011). In the UK, the
fishing industry is grouped into three categories: pelagic finfilemersal fish and shellfish (MMO
2011; Smith 2013). Of the total landings by UK vessels into the UK in 2011, shellfish represented the
greatest proportion by tonnage and value, at 37 and 45%, respectively (MMO 2011). Landings of
pelagic fish comprised slightly lower proportion of the total quantity, at 36%, while demersal fish
made up 27% of the total quantity of landings in 2011 (MMO 2011).

The UK fishing industry has evolved over time due to changes in technology, shifts in
socioeconomic factorand the development of fisheries managemeractices (Smith 2013).
Technological advances enabled the UK fishing industry to rapidly increase its fishing effort, which
subsequently decreased many fish stocks and eventually resulted in overfishingngeeomi
widespread issue (Smith 2013). Consequently, fisheries management strategies were implemented in
the UK in order to prevent the collapse of commercially important species; the principal management
techniques includklimiting access to fishing grousdand restricting landed quantities of targeted
species (Steins and Edwards 1997; Smith 2013). In addition to declines in stocks due to overfishing,
stringent management programmes also have the ability to reduce the total quantity of fish landed
(Steinsand Edwards 1997). As a result of these various factors, the total tonnage of sea fish landed
into the UK decreased from 914,000 tonnes in 1960 to 471,000 tonnes in 2011, which represents a
decline of almost 50% (MMO 2011). In addition, the speciggetad by the UK fishing
industry have shifted over time; during thest 50 years there has beetoasiderable decline in
the quantity of demersal fish landed and an overall increase in the landings of both pelagic fish and
shellfish (MMO 2011 Smith 2013).

Shellfish landings into the UK rose from 28,100 tonnes in 1960 to 152,400 tonnes in 2011,
which represented a fivefold increase (MMO 2011). Since the fishing pressure on shellfish has
rapidly intensified over the last fifty years, thereaispressing need for shellfish monitoring and
management strategies to be implemented and enforced. For example, the limited management in
place for the shrimp and prawn fishery was likely the leading cause of the observed 90% decline in
landings by UK vesels from 2001 to 2011 (MMO 2011). This substantial decline in the catch of



shrimp and prawn is of significance tize shellfish industry, althougte landings of shrimps and
prawns comprising less than 1% of the total shellfish landed into the UK in(RIMO 2011).

1.1.1. Welsh fishery

The value and quantity of sea fish landed varies considerably between the UK countries due
to differences in the number of fishermen, the number and size of the fishing vessels and the species
targeted (MMO 2011). In 2011, UK vessels landed the higheatge of sea fish into Scotland, at
260,300 tonnefFigure 3 (MMO 2011). In comparison, the landings into Wales by UK vessels in the
same year were substantially lower, at only 16,100 tonnes; consequently, landings into Wales in 2011
comprisedonly 4% of the total quantity of sea fish landed in the UK by UK vessels (MMO 2011).
However, over 10% of the total quantity of shellfisimdedinto the UK in 2011 was landed into
Wales, which indicates the importance of the Welsh shellfish industry to the UK (I204Q).
Overall, 36% of the quantity of shellfish landed into the UK by UK vessels in 2011 was shellfish,
which amounted to 144,000 tonnes (MMO 2011). Landings of shellfish into Wales had a higher than
average contribution, at 91% of the total quantitysea fish landed into Wald8/MO 2011). In
comparisonthe proportions of shellfish landed into England, Scotland and Northern Ireland were 56,
13 and 60%, respective{fFzigure J (MMO 2011).

14
' 13.2
14.7
England Wales Scotland Northem Ireland
Il Demersal W Pelagic Shellfish

Figure 1: Landings in 2011 by UK vesseilsto the fourUK countries. Landed quantities are divided by
type and are recorded as 060000 tonnes.

Source:MMO 2011

1.12. UK Palaemon serratusishery

The Palaemon serratuBishing industry was established the British Isles in the 198Qvhen
trawl and lobstepot fisherman began obtaining commercially viable quantiti€s sérratusbycatch
in their gear Fahy and Gleeson 1996 The industry steadily grew over the following twenty years
and a rapidexpansion of the fishery occurred in the 19%0ahy and Gleeson 1996 During this
time, landings ofP. serratuswere consistentlyhigher in Ireland than in Great Britain; in 1999,
landings in Ireland reached a record high of 550 tonReky( and Gleeson 1996; Fahy et al. 2006;



Kelly et al. 2008. The Iandings in Great Britain weremodest in comparison, with the maximum
guantity landed in 2007 at 37 tonné&sglre 3 (Huxley 2011and references ther@in Within Great
Britain, 90% of the average quantity of landings between 2006 and 2009 were from Miadley (
2011and references ther¢inThe average quantity & serratudanded into Wales during this four
year period was 28 tonnes while average landings into England and Scotland combinet:dao

only 3 tonnes (Figure)ZHuxley 2011and referencetherein.
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Figure 2: Landings ofPalaemon serratusto mainland UK between 2006 and 2009.

Source:Huxley 2011

1.13. Catch methods

Passive and active fishing gear types are used to catch prawns for both commercial and
scientific purposes (Forster 1951; Boutillier and Sloan 1987; Kannupandi et al. undated). The
dominant catch methods employed by the UK commercial prawn fishery ave pas (passive
gea) and trawls(active equipment(Forster 1951 In Wales, thenost populaprawnpottype is the
r o u rRdscofid p dhey are deployed from fishing boatsn fAstri ngso, or grou
together on a lead line, and léftr a designated period of time, known as the soak time (Huxley
2008). The catch efficiency of the pots is influenttegr design; the mesh size and mouth diameter
affect the escapement ratio while the pot saturation level is impacted by the pot volume dimdesoak
(Boutillier and Sloan 1987; Yamane and Fujiishi 1992). In addition to potting, commercial beam
trawls also catch prawns ingHJK (Forster 1951 The mesh size, net mouth width and trawling

speed of beam trawls alter the catch efficiency of thishcaethod (Schaffmeister et al. 2006).



The catch of prawns for scientific purposes, as well as for small scale prawn fisheries, relies
on a wider range of gear types than those operated by thestage commercial prawn fishery
(Forster 1951; Guest et al. 2003; Kannupandi et al. undateg) ndds, seine nets and push nets are
commonly used to catch prawns for scientific sampling, along with the more traditional use of beam
trawls and baited prawn pots (Forster 1951; Guest et al. 2003; Kannupandi et al. undated). The type
of gear that can based is restricted by the water depth and the substrate type; for example, beam

trawls have a minimum operating depth and push nets only function on relatively smooth sediments.

1.2 HABITAT

The spatial range d?. serratusextends throughout the waters surrounding the British Isles as
well as in the Mediterranean and BlackaSglolthuis 1949 During the winterP. serratusoccupy
offshore habitats to depths of 30 to 50Rofster 1951; Guerao and Ribera 2000). The species
undergo an inshore migration in early summer to the littoral zone of sheltered rocky shores (Forster
1951; Sterry and Cleave 201land estuariesQonzalezOrtegon et al. 2006Henderson and Bird
2010. Prawnscommonlyinhabitseagrass beds, estuaries amertidal rockpoolsas nursery grounds

as well as adult feeding groun@rester 1951Schaffmeister et al. 2006; Bilgin et al. 2008).

1.21. Rocky shores

Palaemon serratusre present in rockpools on the miw low-shore as well as in the
sublittaral waters on relatively sheltered coasts (Rodriguez and Naylor 1972; Sterry and Cleave 2012).
In a study conducted in rockpools in South Wales in 1969, Rodriguez and Naylor (1972) concluded
thatP. serratusobtained the highest abundances in-givare rakpools which were inundated by the
tide at all times except for low water during spring tides. The dominant species of algae in these
pools wereLaminaria digitata and Fucus serratus commonly observed faunal species included
Carcinus maengsancerpagurusandPilumnus hirtellugRodriguez and Naylor 1972).

Of the habitats ampled byForster (1951)the highest abundances Bf serratuscaught in
inshore habitats were along pier piles and in rock gulllRglaemon serratusrere also observed in
rockpools starting at the end of Marahd the species maintaining relatively high abundances in the
pools until late OctobeffForster 1951). Due to the absence of lamwbgered during this study, it
was asumed that metamorphosis occuriedthe high litoral zone, where sampling was not
conducted (Forster 1951).

During the winter months whdp. serratugpopulate offshore habitats, the females have been
found to prefer rocky bottoms while males typically occur in greater abundances on mud substrate
(Forster 1951).



1.22. Estuaries

The abundance d?. serratusin 8000 -
estuaries increases in the summer, and zgq9 -
typically peaks in SeptembéFigure 3
(Forster 1951; Henderson and Bir

G000

2010). Migrations into estuaries occt 2%

as a result of the active avoidancePof 4000

serratusto relatively fresh, cold offshore o 3500 -
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the summer (Henderson and Bird 201( Z
Preliminary findings from the study *°%° |
conducted by Forster (1951) indicated 0 -
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Figure 3. Average number oP. serratusimpinged on th
than females and that males also leave jape pipe at Hinkey Point Power Station in Severn Es

estuaries in the autumn prior to etréach month between 1981 and 2008.

female offshore migration. By Octobel Source:Henderson and Bird 20
only a small proportion of the population is still presenéstuariesand the abundance remains low
throughout the winter (Figure) 8Forster 1951; Henderson and Bird 2010).

1.3. TAXONOMY AND MORPHOLOGY

Palaemon serratu@PalaemonidaeDecapoda) belongs to the Palaemoninae subfamily which
is differentiated from thePontoniinaesubfamily by the number of posterior marginal spines;
Palaemoninae have two pairs of spines &uhtoniinaehave three (Chace 1992)Additional
distinguishing physical characteristics Pf serratusinclude an upward curve of the rostrum with a
bifurcated tip (Neal 2008; Sterry and Cleave 2012). The rostrum is toothed with 6 to 7 dorsal teeth
two of which ae behind the eye sockeind 4 to 5 teeth on the ventral margin (Neal 2008; Sterry and
Cleave 2012). The body is translucent with red to brown bands and sparsely ddstvilbite
chromatophores (Figure) {Carlisle 1955; Neal 2008). The pereopods asmdath with yellow and
brown bands (Neal 2008; Sterry and Cleave 2012).

Figure 4: Palaemon serratuslisplaying bandsf red to
brown on its legaind translucent body The upwards curve
of the rostrum is also evident.

Source: Mark Thomas, www.marlin@uk




1.4.LIFE HISTORY STAGES

The life cycle ofP. serratusincludes four main life history stages: eggs, larvae, juveniles and
adults. The fertilised eggs are attached to the pleopods of the female during embryonic development
(Forster 1951 Gueraoand Ribera 2000).The duration of the brood time, the period over which
females carry their egggias found to be negatively correlated with the water temperdtate/ (@and
Gleeson 1996).In addition, Forster (1951) determined that the greater theléoigdh of femaleP.
serratus the earlier spawning occurs; in a study conducted in Plymouth, females in the 7.7 to 8.4cm
total length class spawned in December while females that were 5.5 to 6.4cm did not spawn until
February. In general, ovigerotemmalks first become present in the population in Octodoea most
have spawned by June (Btar 1951; Fahy and Gleeson 1996; Kelly et al. 2008).

Upon hatching, the planktonic larvae inhabit the pelagic zone and urukigeen 6 and 11
moults before metamgrhosing into gostlarval state(Yagi et al. 1990; Reeve 1969). Laboratory
studies indicat that P. serratuslarvae wereable to tolerate a range of temperature and salinity
conditions; however, salinitwas determine to have the greatest influenceaoral mortality while
water temperature impacted the number of zoeal stages unddKmiheet al. 2012). Based on
inshore samjng conducted in Plymouth, Fster (1951) speculated that metamorphosis occurs in the
high littoral zone in July and AugustHowever, he environmental conditions required for larval
metamorphosis andettlementare not well understood and further research is needed to provide a
comprehensivenderstanding of larval recruitmesmtdpopulationdynamics

In contrastto the pelagi larvae, the juvenile and adu serratuslife history stages are
demersal (Kelly et al. 2012). In a laboratory study, the optimal temperature and salinity ranges for
juveniles was found to be 16 17C and 19 to 29, respectively (Kelly et al. 2012). Kelly et al.
(2012) concluded that salinity had a greater influence than temperatures on juvenile mortality and the
tolerance of juveniles to low salinities was relatively high (Kelly et al. 20#4.a result of high
water temperatures, rapid gribwis observed throughout the summer and autumn months while
growth ceases in the winter (Boer 1951; Rodriguez 1981).

Juvenile and aduPR. serratushave been observed to undergo seasonal migrations; the species
migratesto coastal habitats during the summer and returns to deeper offshore waters in the winter
(Figure 5) (Forster 1951; Guerao and Ribera 2000). It can be speculated that the summer inshore
migration is a trend followed by the species regardless of its gaugrication since the seasonal
migration has been detected in UK waters as well as in the Mediterranean Sea (Forster 1951; Guerao
and Ribera 2000). The coastal phase of the species is important for the development of individuals
since the summer is tldominant time when growth occurs (Forster 1951; Rodriguez 1981). While a
conclusive explanation for the seasonal migrationPofserratushas yet to be drawn, it is
hypothesised that low salinity in coastal waters is optimal for the species duringintgnmmath

period.



In additional to a seasonal migratjoR. serratushave been observed to undertaldal
migrations(Forster 1951).Adult and juvenileP. serratusmigrate to deeper water on the ebb tide and
returnto higher portions of the shoomthe floodtide (Foster 1951).

|—=—P. serratus --«-P. adspersus -+ - P. xiphias |

60 |
50 A

0- | L
o DF A J A ODUFAUJ A OUD F
Month

Figure 5: Catch per unit effort (BUE) as a measure of abundarioe three prawn specief?alaemon
serratus; P. adspersiendP. xiphias from October 1989 to February 1992 in Alfacs Bay, Mediterranean Sea

Source: Guerao and Ribera 200

Palaemon serratuslisplay sexual dimorphism, in relation to the total length, with females
obtaining greater total lengtliBorster 1951).The mean total length for males and females is 7.5cm
and 9.0cm, respectively (Forster 1951Femalebiased sexual dimorphism by size is typical of
invertebrates Kairbairn 1997). This form of sexual dimorphism is advantageloesausefemale
fecundity increases with body size (Shine 1989). In addition tebsized sexual dimorphisnhet
time taken to reach sexual maturity also varies by @eotrster 1951). Mle P. serratusbecome
sexually mature 6 to 7 months after settlement while females take 9 to 10 rtrewotbisin sexual
maturity (Foster 1951).Research indicates thatt species whicllisplay sexual size dimorphism, the
larger sex tends to take longer to mature; this is known as sexual bimaturation (Stamps and Krishnan
1997). Sexual bimartuation occurs because more time is needed for the larger sex to mature (Stamps
and Krishnan 1997)
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1.5 . HYPOTHESES AND OBJECTIVES
A study was carried out to asséiss abundance and spatial distributioriPafaemon serratus

South Wales in ordeto develop a repeatable sampling method for surveying the species in the

littoral zone and to colleéa baselinedataset Throughout this study, the following hypotheses were

focused on:

Ha

H2

Hs

Ha

: Fishing gear type (Roscoff prawn potsdgp net3 hasa statistical differeceon themean number
of P. serratuscaught in the littoral zone of rocky shores.

: There isa statistical difference between the abundand& strratusat different sites

. Environmental variables cause significant variation in dhandances oP. serratusbetween

sites.

: The abundance ¢f. serratuscaught on the ebb and fid tidesis statistically different.

1.51. Objectives
1. To develop a repeatable methodology for assessing the abundance and spatial distribution of

P. serratudn the littoral zone.

2. To quantifythe variability in catch rates oP. serratuswith different gear types Roscoff

prawnpot and dip net) used in the littoral zone.

3. To assess the lengtinequency distribution oP. serratus for males and females separately,

at five sampling sites by measuring the total length of all specimens caught.

4. To identify environmentalfactors which influence the abundance and distributiorP of
serratusin the littoral zone Environmental metrics incluetl bottom water temperature

salinity, algal cover, substrate type, exposure and turbidity.



2. METHODOLOGY

2.1.SITE SELECTION

Habitat maps were produced frorp

geographic information systems (GIS) data provid
by the Countryside Council for Wales (CCW) fc
the Marine Intertidal Phase 1 Biotope Mappir S Kelp
Survey (Wyn et al. 2006). These data layers w
displayed in ArcMap 9.3 to ilistrate areas ol
possible habitats foPalaemon serratysto identify |
potential habitats, the data were categorised | B
substrates, such as intertidal boulder commun |
and lifeforms, including kelpeds (Figure ¥ In

addition to using these GIS maps s$elect sites,|0 25 50m
SN ] BT |

Google Earth and ordnance survey (OS) maps w

Figure 6: Example of GS data layers used f

consulted to find appropriate habitats as well asidentifying potential habitats forP. serratusto
select sites to conduct preliminary sampling

determine the accessibility of the sites.

Thirty potential sites were visited during the spring tide in early June 2013 to determine
which were appropriate to be used as sampling sitesghout the data collection peri¢iigure7).
A description and photograph were taken at each visited site to #ssssitability of the sitefor
selection (Appendix I). Sites were immediately eliategd from the list if they were found to be
unfeasible to reach for the purpose of this resefffcdure §. Accessible sites were sampled by
conducting 20 minute timed searches using a dip net. The preliminary dip netting took place between
two hours eher side of the daytime low tide in a depth of 0.5m. During the dip netting, the net was
frequently checked to determine if aRy serratushad been captured; specimens were not retained
during the preliminary sampling period. The presence or abseftesefratusvas recorded to assist
in thesite selection process (FigureAppendix ). Five sites were selected in South Wales based on
the accessibily of the site and thpresence oP. serratusduring the preliminargampling(Figure 7.

10



® Selected sites
O Visited sites

Monkstone Point

® Giltar Point
Lydstep Haven

0 10 20 km
|

Figure 7: Sites visited in South Wales during the preliminary sampling survey, as well as
selected to be included in the study.

Figure 8: Identification of visited sites
where P. serratus were present or
absent during the preliminary 20 minu
timed searches conducted in June 20
as well as the sites which wer
inaccessible for the purpose of tt
research.

#® Present & Absent & Inaccessible
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2.2.SAMPLING

Three sampling phases were undertaken between June and Julysafffing periods
corresponded to spring tides to ensure that sampling could be conducted within the maximum tidal
rangepossible Each of the five selected sites was sampled on a separate day to ensure that all
sampling occurred around the daytime lovetid

2.2.1.Littoral dip netting

A dip net with a mesh size of 5mm and catch ared 46 was used to collect prawns at the
four main sampling sige Dale Roads, Lydstep Haven, Giltar Point and Monkstone Po8
sampling attempts, labelled A to Fere conducted at approximately hourly intervals to follow the
ebb tide out, from mid to low tide, and then the flood tide back in, from low to midRigere 9 and
10). Sampling was performed along a randomly positioned tranatoth was aligned
perpewicularly to the shore (Figure)9 Dip netting was carried out in water depths between 0.5 and
1.0m, unless the tidal conditions at the site preventedpléag at these depths (Figure )10
Consequently, the sampling locations were not spatially distdbintan even manner along the shore
but were defined by the tidal conditions at the ¢$Rigyure 10Q. The latitude and longitude was
recorded at the start position of each dip netting location using a Garmin eTrex global positioning
system (GPS).

) Figure 9: Dip netting transect illustratinthe
Mid tide Low tide relative positions of the six sampling attemg
between mid and low tidal heigh Samples A
to C were acqued on the ebb tide while
samples D to F were obtained on the flood tic

! |
! |
| |
! |
! |
| |

v_| | I

Shore Ocean
<« e
Ebb tide Flood tide
A B C F E D
————— ——-Time 1
————— ——— Time 2
——- Time 3

0.5t0 1.0m

0.5to 1.0m

Figure 10: Cross sectiomof a shore displaying the positions of the six dip net sampling attempts, A to
hourly intervals, time 1 to 6, during the ebb and flood tides. All sampling attempts were conducted ai
between 0.5 and 1.0m, unless the tidal conditions attéa@Evented sampling at this depth range.
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Twenty minute timed searches were carried out with the dip net on either side of each
sampling location, up to a maximum distance of 10m on either side of the transect. The distance over
which sampling was cwlucted varied depending on the substrate; boulder substrate was time
consuming to sample thus only a short distance was traversed while locations with sand typically were
sampled to the complete 10m. During the timed searches, prawns were caughtiprtbe by
disturbing the substrate and algae. The net was frequently checked for prawns and all species caught
were transferred into a labelled sample bag.

2.2.2. Rockpool dip netting

Due to the prevalence of rockpools at Newgale, dip netting was ciaudin thesgyools
rather than conducting a transect survey across the littoral zone as was detailed iR@cR{dools
were divided into two categories: high and low shore pools. On the ebb tide, any pools exposed at
mid tide were defined as high shore pools while pools uncovered between mid and low tide were
categorised as low shore pools. Three high stumigpoolsard three low shore pools were randomly
selected for sampling. Only pools whiwere greater in size than B 50am, with a depth of more
than 5cmwere sampled to ensure that dip netting would be feasible. The length, width and depth of
the pool were ebhated and a photograph was taken to be referred to during the analysis.

2.2.3. Roscoff prawn pots

In addition to dip nettingP. serratus

were also caught using Roscgfirawn pots
(Figure 13. Each pot was 60.5cm in leng
with a diameter of 35.5cm and had an entra 4
funnel with a mouth diameter of 4cm. The bot {‘*‘a. :
and funnel of the pots was covered with 8rr i"
mesh. Each pot was baited with 100 to 200g X 2

mackerel. Foupots were deployed at each sit$ J\“\ ;

-

. . . s\ N, g A =

in strings of two, and were weighted to prevesggss W -4 g

the pots being movedybthe tide or CUITeNtSgijgyre 11: A string of two Roscoff prawn pots w
(Figure 1. bricks for weights.

The pots were shot at low tide and hauled at the subsequent low tide, which resulted in a soak
time of approximatel 12 hours. The soak time was less at sites were the tidal conditions prevented
the pots from being submerged at deployment. Pots were not depldyedgdlebecause the access
to this site was unsuitable for transporting pots to and from the shore.

Due to the very low ummbers of prawnsaught n the pots during the firstepod of sampling,

this method of catchinB. serratusvas not continuecf the subsequent sampling pesod
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2.2.4.Environmental variables

To determine the factors which contributed to providing a suitable habit&t f&erratus a
variety of biotic and abiotic variables were recorded. These environmentdlle@an@ere substrate
type, algalcoveiage bottom wagr temperature, salinity, susnded matter conteand the exposure
level of the site.

Substrate types were classified by referring to the Udllentworth grairsize classification
scheme (Wentworth 1922). To enable the substrates to be classified in situ, the scheme was
simplified to consist of five classificationategaies instead of the original eleven (Table 1IThe
substrate type was recorded for the areas for each dip netting attempt as well at the locations were the
pots were deployed. Where multiple substrate types wiserved, the dominant and secondary
substrates were noted.

Table 1: Modified UdderWentworth classification schen
Source: Wentworth 192

C\ZXEEIT:IVCO;TOHN GRAIN SIZE (MM)
Boulder 256
Cobble 64
Pebble 2
Sand 1/16
Silt / Clay 1/256

The percentage of algae cover at each dip netting location and at the areas were the pots were
deployed was estimated. The total percentage of algae cover was estimated as well as the percentage
cover of individual algal species; species were idetithy referring to Collins Complete Guide to
British Coastal Wildlife (Sterry and Cleave 2012).

Salinity was measured in situ using araefometer, to an accuracy ofl’%, Salinity
measurements were takanlow tideduring the secondnd third periodf sampling. The salinity of
the water in rockpools was recorded for all sampled pools except for those dalmpie the first
research griod.

Bottom water temperature was measured using a Tinytag Aquatic 2 data logger. The logger
was weighted andeployed at low tide during sampling and recovered on the subsequent low tide.
Consequently, the bottom water temperature was logged for a period of approximately 12 hours. A
temperature reading was recorded by the logger every three minutes and ahisadatised to
calculate an average temperattoe each site The data logger was deployed at the sampling sites
during thesecond and third sampling persod Temperature was not reded at the Newgalsite

because sampling was only conducted in roclgpoo
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The content of suspended matter in the water colwasmeasured by collecting and filtering water
samples. At each site duringetsecond and third samplingripds, 3L of water was collected upon
completion of the dip net sampling at the rflimbd tide. From the water collectetthree replicates
were obtained whickachhad a volumeof 1L. The replicates were filtered separately througbet
different GF/F microfiber filters, which had a pore size of 0.7using a hand pump. The filters
were frozen prior to being analysed in the laboratory.

The exposure level of each site was characterised as high, moderate or low based on the
guidelines providedby Connor et al. (2004) (Table.2 The domnate species present on the upper
mid and lowshore were recorded at each site to evaluate the exposure level by referringpéxite s

list presented in Table 2

Table 2: Guide for classifying the exposure level of sites based on the substrate and indicator species present on
the upper, mid antbw shore

Source:Connor et al. 2004

EXPOSURE INDICATOR SPECIESBY SHOREHEIGHT
L EVEL SUBSTRATE
UPPER MID Low
High Bedrock Mytilus edulis Mytilus edulis Himanthalia
Large boulders | Chthamalusspp. Chthamalusspp. elongate
Semibalanus Semibalanus que_tllinfa
balanoides balanoides officinalis
Patellaspp. Patellaspp. g:ﬁ;(t)ggrpus
Fucus distichus Osmundea
Fucus spiralis pinnatifida
Moderate Bedrock Pelvetia Mytilus edulis Mytilus edulis
Boulders canaliculata Fucus vesiculosus| Mastocarpus
Cobbles Elminius modestug stellatus
Littorina littorea Elminius modestus
Semibalanus Littorina littorea
balanoides Fucus serratus
Patella vulgata
Low Bedrock Pelvetia Ascophyllum Fucus serratus
Boulders canaliculata nodosum Fucus spiralis
Cobbles Littorina saxatilis | Fucusvesiculosus Littorina saxatilis
Pebbles Fucus spiralis
Sand Patella vulgate
Mud Littorina littorea
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2.3.LABORATORY ANALYSIS

2.3.1. Palaemon serratus

All specimens were processed in the laboratory while fresh to prevent the need for using
fixatives. The total length (TL) of eaéh serratusspecimen was measured, to the nearest 1mm, from
the tip of the rostrum to the tip of the spines on the telsayuf€il2A. Before using calipers to
measure the TL, the specimens were straightened against a ridged surface. In cases were the rostrum
or telson was damaged, an estimate of the TL was made and the damage was noted. A subsample of
P. serratuswas randorty selected and the carapace length (CL) was measured, to the nearest 1mm,

from the orbital margin to the dorsal posterior edge of the cardpapge 12B. The wet weight of

each individual was determined, to the nearest 0.001g, using a digital scale.

Figure 12 Measurements recorded for the A) total length (TL) and B) carapace length (EL3erfratus.

Sex was determined by examining e&thserratusunder a dissecting microscope to detect
morphological differences outlined by Forster951). Male P. serratuscontain an appendix
masculina on the second pleopod, in addition to the appendix interna, while females dack thi
additional appendage (Figure)lBorster 1951). The presence or absence of eggs was also noted.

Figure 13 Second pleopod of A) a maRe serratusand B) a female individual, illustrating the prese
and absence of the appendix masculina, respectively.

Source{ Huxley, 2011
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2.3.2. Suspended matter content

Prior to filtering the water samples, tld-/F filters were washed in distilled water and dried
at 80°C for 24 hoursin a drying oven The start weight of the filters was measured, to the nearest
0.00001g, and the filters were stored in labelled plastic bags. After the water samples had been
filtered, the filters were dried and weighed to determine the end weight. The start and end weights
were used to calculate the weight of material collected on thedilgian average was calculated for
each site

2.4.DATA ANALYSIS

The dataset was produced in Excel and appropriate graphs were generated to display the
general trends in the result©utliers were identified by visually examining these graphs and any
anomalous data points were removed in order to increase the acofithey analysis. Statigical
analysis was undertaken usi8§SS Statistics (v. 18pftwareand PRIMER Plymouh Routines in
Multivariate EcologicaResearch(v. 6) statistical package.

An inspection of the dataset revealed that the data did notroonfothe assumptions of
parametric testing; consequently, Amarametric tests were undertaken for the majority of the
statistical analysis. Due to the lack of replication in the experimental design of the study, it was
necessary to use the three timequs as replicates to allow for the analysis to be undertaken.

A KruskatWallis test was carried out in SPSS to assess whether there was a statistical
difference in the abundance Bf serratuscaught at the four main sampling sites. Multiple Mann
Whitney U tests were subsequently conducted to determine which sites were statistically different.

Lengthfrequency distribution graphs were generated in Excel for each of the four main
sampling sites; the data were displayed for males and females sepasatedyl as for ovigerous
females. The total lengths of prawns were grouped into 5mm size classes and the percéhtage of
serratusin each size class was calculated for each site. To assess whether there was a difference in
the TL of prawns between theuiomain sampling sites KruskatWallis test was performed and this
was followed by ManiWhitney U tests in order to determine where the differences lay. A -Mann
Whitney U test was carried out on the complete dataset to evaluate whether there watscal statis
difference in the TL of males and female to determine if the prawns caught in this study displayed
sexual dimorphism by TL.

Principal component analysis (PCA) was undertaken to determine if the differences between
samples were driven by the envirental parameters measured. A Draftsman plot was carried out in
PRIMER to identify confounding variables. In instances where a correlation of 0.95 or higher existed
between two variables, one of the variables was removed and the PCA analysis was. refisated
output from the PCA was used to generate hypotheses to be tested with data collected during future

sampling periods. A component plot was produced to visually display the findings.
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The analysis of the variation in abundance by shore height, laasver the ebb and flood
tides, was conducted using the data from Dale Roads sifigdhis site providedufficient data to
effectively undertake statistical analysis. The data weretiagsformed, because the Ron
transformed data were ngarametrg, and a twewvay analysis of variance (ANOVA) test was
conducted.A post hocleast significant difference (LSD) test was carried out to identify which shore
heights had statistically different abundances?oferratus as well as if a statistical diffemee in
abundance occurred between the ebb and flood tides.

An analysis was conducted at Newgale to assess the abundance of prawns in the rockpools at
this site. LengtHrequency distribution plots were produced in ExcelHoserratusandP. elegansn
high- and lowshore pools. Males, females and ovigerous females were displayed in 5mm total length
classes. The statistical difference in TLRdfserratusand P. elegansvas assessed using a Mann
Whitney U test. The existence of sexual dimorphism bywhs determined for both prawn species
by conducting ongvay ANOVA tests, because the TL data from the Newgale rockpools was found to
be parametric. The TL &1. serratusn high- and lowshore pools was statistically compared using a
oneway ANOVA testto determine if the mean TL varied by shore height.

The TL and CL data were plotted in Excel to visually determine if a relationship was present.
The data were modelled using the straight line equ&tlon m(TL) + ¢, wheremis the slope andis
the yintercept of the bedit trendline. A linear regression analysis was conducted in SPSS to
generate appropriate values for the parametensdc.

The lengthweight relationship ofP. serratuswas modelled using the equatitd = alL®,
wherea and b are constants (King 2007). Ldéog plots were produced in Excel for males and
females separately to illustrate the data. Trendlines of the equati?¥) Eni(n(@) + b Ln(L) were
fitted to each plot. In SPSS, linear regression analysis was underfakemales and females
separately, to produce bdigtmodel expressions. A univariate general linear model (GLM) was run
to determine if there was a statistical difference in the models produced for males and females. Since
no difference occurred, thénear regression analysis was repeated using the combined data to

produce a single lengtiveight model foP. serratus
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3. RESULTS

Over the duration of the sampling period, Z29serratuswere caught by dip netting at the five
sampling sites in Sailh Wales (Table 3 A total of 197 individuals were caughttime littoral zone at

the four main sampling sites while the remainingP32erratuswvere caughin rockpools at Newgale
(Table 3. Overall, 58% of the prawns caught were female and 4% of the total catch was ovigerous.
The total length (TL) of specimens ranged from 16 to 93mm (mean TL = #&®0Anm SE) and the
average weight of individuals was 1.2890(07g SE).

Table 3: Total number ofP. serratuscaught by
SITE TOTAL ABUNDANCE dip netting at five sites during the three sampli
Newgale 32 periods between June and July 2013.
Dale Roads 158
Lydstep Haven 26
Giltar Point 12
Monkstone Haven 1

3.1.SAMPLING METHOD

Two gear types, Roscoff prawn pots and dip nets, were initially used to sampleséaratus
in order to determine which method was the most appropriate for the research. During the first period
of sampling, 124 specimens were caught using wtedgear types at theofir main sampling sites
(Table 4. Of the total catch during this sampling period, 85% of the individuals caught were obtained
by the dip netting method (Tablg.4While the catch oP. serratushy passive and active gear types
canrot be directly compared, it was evident from the findings that the Roscoff prawn pots were less

suitable for the purpose of this research than the dip netting method.

Table 4: Total number ofP. serratuscaught by dip netting and Roscgffawn
pots at the four main sampling sites during the first period of sampling.

SITE DiP NET ABUNDANCE POT ABUNDANCE
Dale Roads 92 8
Lydstep Haven 5 7
Giltar Point 9 3
Monkstone Haven 0 0
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3.2.ABUNDANCE AND DISTRIB UTION OF P.SERRATUS

3.2.1 Abundance between sites

The abundance &. serratuscaught varied substantially across the four main sampling sites
(Table 2) (KruskaWallis, ¢ ; = 29.07, p < 0.001). Of the 22 serratusobtained by dip netting,
158 were caught at Dale Road#igh represented 68% of the total catch for the duratibmhe
sampling period (Table)2 Consequently, Dale Roads displayed a significantly higher nuatber
prawns caught than tletherthreesites (ManAWhitney Utest LydstepHaven: z =3.15 p = 0.002;
Giltar Point; z =-3.72 p < 0.001; Monkston@oint: z =-4.61 p < 0.001). In contrasMonkstone
Point displayed a significantly lower abundancdPofserratusthan the other three main sites, with
only one individual being caught throughdhe sampling period (Marwhitney U test, Dale Roads:
z =-4.61, p <0.001; Lydstep Haven: 2246, p 0.014; Giltar Point: z-2.11, p = 0.035). There was
no statistical difference observed in the abundande strratuscaught at Lydstep Haven ailtar
Point (MannWhitney U test, z =0.67, p = 0.506).

3.2.2.Population structure between sites

In addition to variations in the overall abundanc® o$erratuscaught between the four main
sampling sites, the population structure at each site iklstrated differences, as showed by the
lengthfrequencydistribution graphs in Figure 14Statistical analysis demonstrated that there was an
overall difference in TL between the four main sites (Krusiallis, °; = 10.4Q p = 0.015). Further
anlysis illustrated that only the samples caught at Dale Roads and Lydstep Point showed statistical
differences in TL (MamsWhitney U testz =-2.70 p = 0.007). Palaemon serratugat Dale Roads
displayed the lowest average TL (me&@h = 46.10 + 0.74nm SE) while the samples caught at
Lydstep Pait had a higher TL (mean TL 53.1#52.69mm SE) (Figure 134. Although the sites
displayed differences in population structures, the samples obtained all exhiinteddal
distribution (Figurel4).

Figure 14shows that females obtaining a greater TL than males which suggets that sexual
dimorphism by TL occurred at the four main sampling sites (Figdire However, statisical analysis
indicates that there was no difference recorded in thef Thales and femalddlannWhitney U test,

z =-1.79 p = 0.074). Therefore, the data does not illustrate that sexual dimorphism by TL was

observed in the samples obtained.
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Figure 14: Lengthfrequency distributiorplots of P. serratuscaught at each of the four masampling sites
South Wales between June and July 2013. The Monkstone Point plot was omitted because only one
recorded at this site

3.2.3. Environmental drivers

Principal component analysis (PCA) was undertaken to assess whether environmental
variables had an influence on the differences in adnicel between samples. Figurellifstrates that
the weightings assigned by the analysis to the environmentables result in a clustering of points
by sites. This suggests that, to some degree, the environmental variables influenced the abundance of
P. serratuscaught. Table &ists the weightings assigned to each environmental variable during the
analysis for components 1 and 2. Component 1 has the highest eigenvalue, at 2.07, which explains
30% of the variability between the samples, while component 2 explains 25% of ihleilitsar
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Consequently, these two components explain 55% of the variability between the samples. Based on

the weightings assigned to each variable in Tapthe following two hypotheses were proposed:

Hi: Locations with high percentages of algae cavil result in high abundances Bf serratus

H,: Locations with low salinities and which are sheltered will lead to high abundaneesafatus

Additional data collection is required to test these two hypotheses in order to form

conclusions abouhe influence of environmental parameters on the abundaftesefratus

Table 5 PCA component matrix displaying th

= COMPONENT summary of weightings assigned to ea
ACTOR 1 2 environmentalariable for components 1 and 2
Salinity -0.537 0.579
Turbidity 0.361 -0.776
Exposure -0.829 0.192
Dominant substrate -0.359 -0.695
Secondary substrate |0.359 0.277
Percentige #gae 0.545 0.340
Abundance 0.636 0.340
Site Figure 15 PCA componentplot of
2 <>D§Ie the four main sampling sites and tt
& & ’:E"dtag influence of environmental paramete
® o < OMvorjéfone onP. serratusabundance.
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Component 1

3.3. ABUNDANCE AT DALE ROADS

The mean abundance Bf serratuscaught at the six shore heights at Data&s is illustrated
in Figure 16 Thelowest mean abundances were obtained at sampling locations which were highest

on the shore (A and F) (Figure)16The analysis indicated that there was a statistical difference in the
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abundance oP. serratuscaught at the different shore heights (GLM,F= 9.19, p = 0.004).Post

hoc testing indicated that the abundances recorded at theshui@ sampling locations (A and F),

which were highest on the shore, were statistically lower than the abundances recorded on the other
shore heights (GLM, B and E: SE = 0.21, p = 0.002; C andED= 8.21, p = 0.004). There was no
statistical difference in the abundancePofserratuscaught on the ebb and flood tides (GLM, &=

0.76, p = 0.399) (Figure 16

40 1 Figure 16; Mean abundanceof P. serratus
35 - T Dale Roads caugh during the three sampling periodt each
N =158 shore height for Dale RoadsShore heights A to
30 - C were sampled on the ebb tide while sample:
§ to F were obtained on the flood tide. Error bt
825 - illustratethe positivestandard deviation
c
2 20 -
<
c
© 15
=
10
5
0

A B C D E F
Shore Height

3.4.ABUNDANCE AND DISTRIB UTION OF PALAEMON SPP. IN ROCKPOOLS

Dip net sampling in rockpools at Newgale resulted in the capture ofPhfemonspp.
animals. Of this total catch, 25% wdPe serratusand the remaining 75% weke elegangFigure
17). OvigerousP. serratuswvere not observed in the rockpools while 22% of the catdh elegans
was carrying eggs (Figure’/)l The average TL d?. serratugmean TL = 38.9% 2.49nm SE) was
greater than that observed fér. elegans(mean TL = 30.16+ 0.61mm &%) (Figure 17.
Furthermore, this difference in TL between these two species was sign{fitzamt\Whitney
U test, z =3.34, p = 0.001).Palaemon serratudisplayed a relatively uniform distribution across the
size classes whilP. elegansxhibited disinct peaks in TL for bth males and females (Figure 17).
Figure 17illustrates that femalP. elegansvere most abundant in the 36 to 40mm TL size class while
males dominated the 26 to 30mm class. Sexual dimorphism in TL was noted dmganswith
females obtaining a statistically greater TL than males (mean TL females =8883mm SE;
mean TL males = 27.19 0.70nm SE) (Onevay ANOVA, F; 10s= 30.79, p < 0.001). In contrast,
sexual dimorphism was not observed in the catdp. @erratusn the Newgale rockpools (Figure 17
(Oneway ANOVA, F; 3= 0.34, p = 0.565).
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Figure 17: Lengthfrequency distribution plots fdP. serratusandP. eleganbtained from dip netting in the
rockpools at Newgalbetween June and July 2013.

Palaemon serratusvere equally distributed between higind lowshore rockpools with 16
specimens observed in poaseach shore height (Figure)18Conversely, 99% dP. elegansvere
caught in higkshore rockpools. He population structure oP. serratusdisplayed a similar
distribution in both highand lowshore pools; however, a higher abundance of females with TL of
less than 25mm was observed in hgjiore pools than those on the lsthore (Figure 8). On
avera@, the TL ofP. serratuswas slightly greater in loghore pools than higbhore pools but this
difference was not significant (Omweay ANOVA, F; 3= 0.37, p = 0.547).
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Figure 18 Lengthfrequency distribution plot d?. serratusn high- and lowshore rockpools at Newgale
between June and July 2013.
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3.5.RELATIONSHIP BETWEEN TOTAL LENGTH AND CAR APACE LENGTH

Figure 19illustrates the linear relationship between the total le(fth and carapace length
(CL) of P. serratus This relationship was modelled by the equation CL = 0.174 TL + 0.480 (SE =
0.77, £=0.925, F = 4095, p < 0.001).
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Figure 19 Modelled relationship between total length and carapace lengt
male and femal®. serratusn South Wales.

3.6.LENGTH-WEIGHT RELATIONSHIP

The lengthweight relationships modelled for male and fem#&e serratus were not
statistically different (GLMJF,7, 153= 0.62, p = 0.930). As a result, the male and female data were
combined to produce a sirglengthweight model (Figure 20 The lengthweight relationship foP.
serratuscan be described by the equatiahe 3.52 x10 L*™ (SE = 0.161,7= 0.954, F = 4753, p <
0.001).

Ln (Weight)
AR
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Ln (Total Length)

Figure 20: Log-log plot modeling the lengttveight relationship of male ant
femaleP. serratusn South Wales.
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4. DISCUSSION

4.1.SAMPLING METHOD

The results indicate that the dip netting method was more effective for safpiagatusn
the littoral zone than the method of deploying Roscoff prawn pots. This finding is unexpected
considering that Welsh commercial fisherman use pots as their method 6r catching prawns
The low catches dP. serratusby prawn pots found in this study could be a result of the soak time
being too short; pots were deployed for 12 hours in this study which is a considerably shorter period
than the typical soak time of 2 to 5 days, which is utilised by fishermen (Hux08).2@\n additional
explanation for the low catch efficiency of the pots is Bhaterratuanay not feed in the littoral zone.
Forster (1951) analysed the stomach conten®. gkrratuscaught in Plymouth and determined that
the food consumed varied Ilye habitat in which the prawns were situated in. However, this study
was inconclusive and, to date, research has not been conducted to build upon the initial findings by
Forster (1951). Consequently, it can only be speculated that the low catch @ffifi¢he pots was a
result of the prawns not feeding.

While the dip netting method was more effective at catching prawns than the pots, it is
unlikely that the dip net sampling was completely unbiased. Various species of prawns, iféluding
serratus are known to be more active at night than during the day; thus, larger abundances of prawns
are caught after dark than during daylight (Rodriguez and Naylor 1972; Anokhina 2005;
Schaffmeister et al. 2006). Consequently, sampling only during the daydine ltave caused the
overall abundance d®. serratusto be underestimated. Furthermos@geprawns were potentially
able to evade capture through rapid movement away from the mouth of the net (Schaffmeister et al.
2006). Thus, the dip netting methaoutd have resulted in a low catch efficiency of large prawns. In
contrast, it is less likely that small prawns were underestimated since the mesh size of 5 x 5mm would

prevent the escape of most small prawns through the net.

4.2.ABUNDANCE AND DISTRIB UTION

During the preliminary sampling period, only half of the visited sites which were accessible
were found to contai. serratusduring the 20 minute timed searches (Figure 8). These findings
indicate that, during the summé, serratusaresparselydistributed in rocky littoral habitats in South
Wales. Furthermore, 68% of the total dip net catch was obtained at Dale Roads, with the remainder of
the catch divided between theufaother sampling sites (Tablg. 3Thus, the abundance Bf serratus
within a site is likely controlled by site specific parameters. Substantial differences in the abundance
of P. serratusdbetween sampling sites has been previously documented in Plymouth and Cardigan Bay
(Forster 1951; Huxley 2011). However, the samplingrisity varied between the sites in these two
studies; thus, the abundancesRof serratuscaught could not be directly compared between the

sampling locations (Forster 1951; Huxley 2011).
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In addition, research has been conducted on the spatial dismitmitotherPalaemonspp.
(Gapi E&s ka an @06Sctmifinieiatevet kl.a2006; Bilgin et al. 2008). These studies
illustrate that the abundance B&laemonspp. varies substantially within its spatial ranGea(p i Es k a
and Szaniawska006;Schaffmeistr et al. 2006; Bilgin et al. 2008). For example, Bilgin et al. (2008)
detected a considerable difference in the abundan&alaEmon adspersuand P. elegansat four
sampling stations inhe southern Black Sea (Figure)21In this study, there was aasistical
difference in the species composition between stations (ANOSIM, r = 0.14, p < 0.001). Furthermore,
the mean densities &f. adspersuandP. elegansvere considerably higher at Station | than the other
three stations, which indicates that thevimnmental conditions at this station were the most
favourable for these tw®alaemonspp. (Figure 21 (Bilgins et al. 2008). Therefore, previous
research pertaining to the abundance and distributiétala@emonspp. supports the present findings
thatP. serratusdemonstrates a highly selective behaviour towards habitat preferences.
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Figure 21: Mean densities (N 1000f of Palaemon adspersu$. elegansand Crangon crangoncaught
during monthly beam trawls samples obtained between February 2002 and January 2004 in the southt
Sea. Standard error bars and percentages of densities within each station are illustrated along with th
of trawls conducted at eaclatibn shown in parenthesis.

Source:Bilgin et al. 2008

4.3.POPULATION STRUCTURE

The lengthfrequency distribution plots demonstrated tRatserratusdisplayed a unimodal
distribuion at all five sites (Figure 14 and )17 It has previously been founthat P. serratus
populations exhibit a polymodal distribution, with peaks corresponding to differenicipsaes
(Forster 1951; Guerao and Ribera 2000; Huxley 2011). Consequently, it can be concluded that the
absence of a polymodal distribution in TLtbE samples obtained in this studywaslikely because
the majority of he catchwas from a single age class:gfoup individuals. This conclusion can be

further strengthened by referring to the findings in Forster (1951); ldregibency distributiomlots
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of the population ofP. serratusin Plymouthindicated that specimens with a TL of less than
70mm were Ggroup individuals. By using this TL as a proxy, it can be determined that
approximately 97% of the. serratuscaught in this study were-g@royp prawns. However,
this finding should be viewed with some caution since the population dynanicseiratus

in South Wales are likely to be different than those in Plymottie minimal abundance of 1
group prawns collected in this study suggeststtimlittoral zone in South Wales is predominately a
nursery ground for @roup P. serratus However, additional research is required to verify this
assumption.

Since the TL at maturity was not determined in this study, the data cannot be divided by
maturity status to assess the population structure for immature and mature individuals separately.
However, the maturity dP. serratusrom other studies can be exanad. Size at sexual maturity can
be expressed as either the minimum size of ovigerous females (Forster 1951) or the size at 50%
maturity (Béguer et al. 2010;Paschoakt al. 2013). In Plymouth, the minimum size of ovigerous
females was found to be 55mm in total length (Forster 1951). The carapace length at 50% maturity
for P. serratusin Cardigan Bay was found to be between 18 and 20mm (Huxley 2011). Using the
CL-TL equation established in the present study, the totakHeay50% maturity in the Huxley
(2011) study was determined to be between 100 and 112mm. The considerable discrepancy in
calculated TL at maturity from these two studies is due to the different locations that the studies were
undertaken in as well as thkifferent methods employed to calculated maturity. It was, therefore,
deemed inadvisable to extrapolate the findings on maturity from other studies to provide estimates
about the population structure of immature and ma&uierratusn South Wales.

The results indicated that sexual dimorphism by TL did not occur within the samples
obtained, which conforms to previous research which specifies that sexual dimorphism is not evident
in O-group individuals ofP. serratus(Forster 1951). In contrast, sekulmorphism by length has
been noted for aduR. serratus(Forster 1951; Rodriguez 1981; Guerao and Ribera 2000) as well as
otherPalaemonspecies (Bilgin et al. 2008Bégueret al. 2010Paschoakt al. 2013). Consequently,
sexual dimorphism by lengtmay be apparent in thegktoup portion of the South Wales population

of P. serratusfurther data collection would be required to evaluate this hypothesis.

4.4 .PALAEMON SERRATUSIN NORTH AND SOUTH WALES

A complementary study was conducted in North &¥at five sites around Anglesey and the
LI Peninsula by employing the same sampling method undertaken in this study (Jones 2013).
Overall, the abundance &. serratuswas greater at the sampling sites in North Wales than in the
south, with 827 and 22@dividuals caught by dip netting, respectively (Jones 2013). These results
suggest that the environmental conditions of the littoral zone in North Wales are more favourable for

P. serratusthan those in South Wales. However, due to the inconclusivgsaagertaining to the
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environmental drivers oP. serratusabundance in both studies, the causes for the difference in
abundance between north and south cannot be determined. In contrast, there was a statistical
difference in the abundance®f serratis caught at the different sampling sites in North Wales (Jones
2013) which parallels the findings for South Wales. Consequently, this strengths the conclusion that
P. serratuss highly site selective.

Both studies indicated that there was no statistidierence in the TL of males and females;
however, females were slightly larger, on average, and were more prevalent at both the north and
south sampling sites (Jones 2013). FurthermBreserratuscaught in North Wales had a higher
average TL (meanlT= 58mm) than the specimens obtained in South Wales (mean TL = 46mm).
Accordingly, these two studies suggest that the population structuPe sdrratusis not uniform
throughout the littoral zone in Wales. From a fisheries management perspectivaridtiens in
population structure between North and South Wales suggests that the spatial scale of management is
a crucial factoto betaken undeconsideationif the P. serratudishery is to operate in a sustainable
manner While a parWales managenm strategy would be most straightforward to implement and
enforce, this approach may not be effective due to the variations in the population characteristics over

this relatively broad spatial scale.

4.5.ENVIRONMENTAL DRIVERS

The highly skewed distriliion of the dataset prevented a thorough analysis to be conducted
of the abundance oP. serratusin relation to the environmental parameters. As a result, no
conclusions were drawn pertaining to the influence of environmental variabld3. cerratus
ahundance. In order to evaluate the two hypotheses established based on the PCA, it is necessary that
a new dataset be collected. In addition, the dataset would need to be obtained from sites which have
relatively high abundances Bf serratusin the litioral zone so that adequate data are acquired for a
comprehensive analysis to be conducted. Based on the proposed hypotheses, it is advised that

sheltered sites with high algae cover and low salinities be targeted.

4.6.ABUNDANCE BY SHORE HEIGHT AND TIDAL DIRECTION

Tidal migrations are an endogenous characteristit. serratuswvhich are synchronised daily
by a combination of factors which include light intensity, temperature and pressure (Rodriguez and
Naylor 1972). Common advantages of tidagrations are an increased access to foraging grounds
and reductions in predatory pressures (Gibson 2003). As a result of tidal migrations, the abundance of
migratory species, including. serratusis known to vary by shore height (Forster 1951; Radrig
and Naylor 19725terry 2012 In this study, there was a statistical difference in the abundaice of
serratusat different shore heights, with the highest abundance of prawnstedllen the low shore
(Figure 1. The trend of elevated abundanegdow water has also been noted for other caridean

species which undergo tidal migrations-#&dhub andNaylor 1975; Coles 1979). The concentration
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of P. serratuson the low shore is a direct result of the species only migrating up to thehovie

levd; 96% of the prawns collected for the shore height analysis in the present study were obtained
below the midshore level. Although migrating into the intertidal zone on the flood tide provides
benefits to tidal migrants, these species also expose themselthe risk of stranding on the ebb tide
(Rodriguez and Naylor 1972; Gibson 2003). Thus, by migrating into the intertidal zone only as high
as the mieshore,P. serratusare able to benefit from the advantageous intertidal conditions while
minimisingthe possibility of stranding.

Palaemonspp. activity has been observed to increase on the ebb tide; it is theorised that this
peak in activity is because during the offshore movement of water there is no risk of stranding
(Forster 1951; Rodrigues and Nary1972). As a result, feeding can ocauring the ebb tide
without the prawns being carried to adverse heights on the shore (Rodriguez and Naylor 1972). In
terms of the catch efficiency of prawns, an increase in activity typically corresponds to dagtie
rates (Schaffmeister et al. 2006). In contrast to these findings, the present study observed no
difference in the catches on ebb and flood tides. Thesigmificant difference between abundances
caught on the ebb and flood tide could indicatat Bh serratusactivity was uniform through the
sampling period at Dale Roads. Alternatively, it is possible that the sample size was inadequate to

detect the difference in abundance by tidal direction.

4.7.ABUNDANCE AND DISTRIB UTION OF PALAEMON SPP. IN ROCKPOOLS

The analysis oPalaemonspp. in the rockpools at Newgale indicated tRaserratuswere
evenly distributed between higand lowshore pools whil®. elegansvas confined to the higbhore
pools. This conforms to the notion tHat elegandlisplays a preference for pools on the kétore
(Rodriguez and Naylor 197Z%terry and Cleave2012). In addition, the average TL Bf
serratus(mean TL = 39mm) was determined to be statistically greater tha. felegans
(mean TL = 30mm), which casponds to previousderstandingjof the two specieSterry
andCleave2012).

Furthermore, the results suggest that the reproductive cyclBs sdrratusand P.
elegansare not complementary; ovigerobBsserratusfemaleswere not collected dewgale
while 22% of theP. elegansatch was ovigerous. Thus, it can tentatively be concluded that

the brooding period d®. eleganextends later into the summer thanRorserratus

4.8 LIMITATIONS AND FUTUR E RESEARCH
The study was temporally rested to two month in the summer of 2013, which prevented the
detection of the inshore and offshore migrationPofserratus Previous research shows that the
inshore migration period occurs as early as Aprilile the winter offshore migration typicgltakes

place in October or November (Forster 1951; Guerao and Ribera 2000). Consequently, the temporal
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scope of future research should be extended to include mdittbhal sampling from April to
November, or preferably throughout an entire 12 monttecyo assess the abundancé oserratus
over the duration of the speciesd6 residence
understanding of the inshore phasePof serratus a longterm monitoring programme could be
implemented to continulgl measure the abundanceRafserratusat key sampling sites in the littoral
zone of South Wales.

Although Jones (2013) provided a complementary studd. serratusn North Wales which
improved the spatial scale of this research, additional studigdd turther improve upon the spatial
coverage of the data. Firstly, neither study addressed sampling locationsWeaitaglwhich led to a
sizeable gap in the spatial extent of the findings. Additional sites should, therefore, be added in this
central region; studyingP. serratusin mid-Wales is of particular importance since the mgin
serratusfishery in the UK is located in Caghn Bay, midWales (Huxley 201l Secondly, the
sampling sites in South Wales should beekcted in an attempt to ke sites wherP. serratusare
abundantn orderto increase the availability of data. Based on the observations from Jones €8013)
well as the present study, an adapted site selection criterion should be imposed which takes into
consideration the psence of algaesalinity andthe level of exposure of the sites.

In addition to extending the temporal and spatial scope of the research, the field and
laboratory methodology could be modified to produce a more robust datd$et. process of
replication should be incorporated into the experimental desmreliminate the problem of
pseudoreplication that was incurred in this study. An added benefit of collecting true replicates is that
time could be viewed as a factor, rather than used as a repidatd, would enable a temporal
analysis of the data. The sampling could also be undertaken at night, when prawns are known to be
more active, which would reduce the likelihood of the abundanBe sdrratusbeing underestimated.
However, sampling in théttoral zone at night is logistically more challenging than during the day
and the benefits would probably only be marginal. To further strengthen the analysis, additional
environmental measurements could also be collected such as meteorological reor{#iticster
1951), tidal currents (Coles 1979) and offshore fishing pressure. Determining the total length at 50%
maturity by using the morphometric methodology described by Paschoal et al. (2013) would allow for
aseparate analysis to be undertakenrfonature and matuie. serratus

The data acquired by this study were insufficient to be used to predict sitabderatus
habitat in the littoral zone. By undertaking theggested improvements and generating a larger
dataset,adequate data could becamulatedto establish a habitat suitability index (HSI) for the
species. HSI modelling is a useful tool for enabling management bodies to make informed
conservation decisions as it produces a broader temporal and spatial scope than can be acquired
through fieldwork alone (Brown et al. 2000; Vinagre et al. 2006). Thesdevelopment of fisheries

management regulations fBr serratusvould be greatly aided ke availability ofa HSI.
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4.9.CONCLUSIONS
This study enabled the development of a standardised method for saRmpdiegatusin the littoral
zone in order to determine the variations in the abundance and distribution of the species, as well as to
identify key population characteristics. The lgni indicated thatP. serratuswas sparsely
distributed throughout the littoral zone and displayed a highly site selective behaviour. Dale Roads
was observed to host the highest abundance of prawns, which indicated that the habitat conditions at
this ste were more favourable than those at the other sampling locations. However, the study was
unable to identify the causes for the significant differences in abundances between sites. The study,
thus, demonstrated the substantial need for broadeningntiper& and spatial scope of the research.

In particular, further research is required to verify that the littoral zone in South Wales provides a
nursery ground habitat fét. serratusn the summer months.

At present, the results are not comprehensiveugimoto effectively guide fisheries
management strategies to allow for adequate conservation to be achieved for this commercially
targeted species. However, this study presents a foundation for future research that has the potential
to address the curredata deficiency which is hindering the establishment of a sustaiRabtgratus
fishery.
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APPENDICES

APPENDIX |: SITE SELECTION

Table la: Maps and relevant information recordstdhe visited sites duringreliminary sampling.

Aberporth

Poppit Sands

OS grid reference:SN 260 512
P. serratuspresent No

Substrate Boulders
Algae: Fucoids
Accessible:Yes

OS grid reference:SN 154 488
P. serratuspresent Yes
Substrate Sand, bedrock
Algae: Green algae
Accessible:Yes

Ceibwr Bay

OS grid reference:SN 110 456
P. serratuspresent Did not sample
Substrate Sand, bedrock

Algae: Fucoids
Accessible:Limited access

Pig y Baw

OS grid reference:SN 014 400
P. serratuspresent No
Substrate Boulders

Algae: Fucoids
Accessible:Yes

I Rock substrate

B2 Fucoids

Il Intertidal boulders FEH Kelp
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Strumble Head

Pwll Deri

OS grid reference:SM 893 412

P. serratuspresent Did not sample
Substrate Boulders

Algae: Fucoids, kelp
Accessible:No

OS grid reference:SM 894 410

P. serratuspresent Did not sample
Substrate Boulders

Algae: Minimal

Accessible:No

Aber Mawr

Porthlysgi Bay

OS grid reference:SM 881 346

P. serratuspresent No

Substrate Boulders, sand

Algae: Green algae, patchy fucoids
Accessible:Yes

OS grid reference:SM 725 235

P. serratuspresent Did not sample
Substrate Sand, boulders

Algae: Patchy fucoids, green algae
Accessible:Limited access

B Rock substrate ~ EZZZ Fucoids
Il Intertidal boulders B Kelp
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Newgale

Nolton Haven

OS grid reference:SM 855 196

P. serratuspresent Yes

Substrate Boulders

Algae: Fucoids, green algae
Accessible:Yes but 1 mile across beach

OS grid reference:SM 859 185
P. serratuspresent Yes
Substrate Sand, boulders
Algae: Patchy fucoids
Accessible:Yes

Rook's Bay

St. Brides

OS grid reference:SM 855 129
P. serratuspresent Yes
Substrate Sand, boulders
Algae: Fucoids
Accessible:Yes

OS grid reference:SM 801 109
P. serratuspresent Yes

Substrate Bedrock, boulders

Algae: Fucoids abundantaminariasparse
Accessible:Yes

I Rock substrate

Il Intertidal boulders B Kelp
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Martin's Haven

Mouse's Haven

OS grid reference:SM 760 091

P. serratuspresent No

Substrate Boulders, sand

Algae: Fucoids abundantaminaria
Accessible:Yes

OS grid reference:SM 756 091

P. serratuspresent Did not sample
Substrate Boulders, sand

Algae: Green algae, fucoids
Accessible:No

Mill Bay

OS grid reference:SM 809 035

P. serratuspresent Yes, scarce

Substrate Sandboulders

Algae: Green algae abundant, spatseninaria
Accessible:Yes, 15 minute walk

Dale Roads

OS grid reference:SM 811 057

P. serratuspresent Yes, abundant
Substrate Boulders, silt

Algae: Fucoids abundantaminaria
Accessible:Yes

I Rock substrate

Il Intertidal boulders B Kelp
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